Response of several apple tree cultivars to chemical thinner sprays.
Introduction
Chemical fruit thinning of apples after bloom is a common practice carried out to improve fruit size and quality, assure return bloom and reduce biennial bearing [1] . The fruit size at harvest depends on earliness and the level of fruit thinning as long as tree vigor is adequate [2] .
Thinning can be conducted at bloom time and during the early postbloom period [3] . However, strongly biennial apple cutivars may require both bloom and postbloom spray programs for adequate thinning [2] .
Postbloom chemical thinners are generally believed to interfere with endogenous hormones which control the flow of nutrients to the developing fruit [2] . Embryo abortion may come before or occur simultaneously with fruit abscission but it is not regarded to be its cause. Fruit abscission will be increased by chemical stress of any kind which is applied to apple trees during the early period [2] . Chemical thinning of apples can be done by ethephon [4] , gibberellins [5] , benzyladenine [6] , N-2-chloro-4-pyridyl-N-phenylurea (CPPU) [7] , N-phenylmethylpurine-6-amine benzyladenine (Accel, Abbott laboratory, USA) [8] , or C 10 H 7 00CNH-CH 3 (carbaryl) [9] .
Most of the studies conducted previously on chemical thinning of apples are still inconclusive and are specific to particular apple cultivars and ecological and environmental settings. Further, Accel and carbaryl have not been adequately tested on 'Empire', 'Jon-A-Red' and 'Braeburn' apples.
A two-year study was therefore conducted to: -find the effect of different rates of Accel and carbaryl on apple fruit set, -find the effect of Accel and carbaryl on yield, fruit weight, seed number, soluble solids concentration, pH, fruit length, diameter and the fruit length to diameter ratio.
Materials and methods
Two identical experiments were carried out in 1995 and 1996 using mature apple trees at the Mississippi State University Agricultural and Forestry Experimental Station (MAFES) at Pontotoc. The Ridge-Flatwoods Branch Experimental Station is located about 7 miles south of Pontotoc in the southern central part of Pontotoc county. The types of soil found at the station are classified as alfisol, ultisol, inceptisol and entisol orders with soils ranging from deep red and high in silt to gray with silt loam and finer-textured subsoils with expensive montmorillonite clay.
Before the spraying, chemicals were prepared according to the amounts necessary for being used as chemical thinners. Treatments were determined by calculating the active ingredients they contained. The amount of the chemicals to be added for each treatment was calculated from the known volume of the sprayer, then added to water in the sprayer and thoroughly mixed with it before spraying. Spraying of the thinners was conducted on calm, clear and dry days with temperatures of 14 °C (minimum) and 18 °C (maximum). The two experiments were started 2 weeks after the blossoming when the fruit was about 12 mm in diameter. The first experiment was started on April 12, 1995, and terminated on July 30, 1995. The second experiment was started on May 15, 1996 , and terminated on August 30, 1996. The treatments were replicated three times in a completely randomized design with a factorial arrangement. The study was conducted on the three Empire, Braeburn and Jon-A-Red apple tree cultivars because they were the main cultivars grown at the Pontotoc experimental station and by Mississippi farmers (i.e., six treatments per cultivar and three trees per treatment, thus 18 trees treated per cultivar + six control trees). Recommended cultural practices for commercial apple production, i.e., fertilization, weeding and pest and disease control, were applied. Fruit harvesting started at the beginning of August each year. We determined fruit set, yield, seed number, length and diameter of the fruits, total soluble solids and pH.
Fruit set was determined by tagging four representative limbs of 12 to 15 cm in circumference before bloom for use in fruit set counts [10] [11] [12] . The number of fruits was counted after June drop (i.e., 1 month after application of the chemicals) and expressed as the number of fruits per limb cross-sectional area [10] [11] [12] ; fruit weight and yield were recorded and the average fruit weight of 20 fruits per tree was calculated.
Juice was extracted from the apple fruits using a Mullinex juice extractor (Fisher Scientific, Spring Field, N.J.) and filtered. From the extracted juice, the total soluble solids concentrations (SSC) were determined using a Bausch and Lomb optical refractometer (Fisher Scientific, Spring Field, N.J.) and expressed in degrees Brix (°Brix) and pH was determined with a pHmeter. Fruit length and diameter were determined by laying the fruit end-to-end and side-by-side in a v-shaped trough and measuring the total length and diameter using a hand caliper on a sample of 10 fruits; measurements were recorded in millimeters. The [fruit length / fruit diameter] ratios were then calculated.
The seed number per fruit was only determined in 1996 by dissecting the fruit at harvest. An average seed number was then determined.
The experimental design was completely randomized with a factorial arrangement of treatments. There were three trees per treatment, i.e., three trees per replication. All statistical analyses were carried out using the general linear model procedure of the statistical analysis system (SAS Institute, N.C.) [13] program package. Means were determined using the least significant difference (LSD) at p 0.05.
Results and discussion
In 1995, all the chemical thinners significantly (p 0.05) reduced fruit set (table I) . In 1996, carbaryl and Accel at all concentrations significantly reduced the fruit set of Empire and Jon-A-Red except at 25 mg·L -1 (table II) . The thinning effects of Accel and carbaryl as observed above have also been reported previously [8, [14] [15] [16] [17] [18] . Competition in the partitioning of metabolites to fruit tissues, causing reduction in growth and eventual activation of abscission mechanisms, is the probable cause of these thinning effects of Accel and carbaryl [19] .
In 1995, the yield of Empire was not significantly (p 0.05) affected by Accel or carbaryl. The yield of Jon-A-Red was only increased by Accel at 50 mg·L -1 , while the remaining treatments had no effect (table I). The yield of Braeburn was only increased by carbaryl at 0.2% and by Accel at 50 mg·L -1 . In 1996, carbaryl at 0.1% and Accel at 50 mg·L -1 increased the yields of Empire, while the other treatments had no effect. The yield of Jon-A-Red and Braeburn was increased by all the treatments. Fruit size was generally increased by the chemical thinners because thinning of fruit increases size [20] . Thinning increases the leaf to fruit ratio because removing some of the fruits causes the remaining ones to become larger in size [20] . Yield is a function of such factors as flower bud number, and fruit number and size [21] . However, this has been controversial [10] . The findings of our study agree with those of Stiles [8] , Wismer et al. [16] and Kaps and Cahoon [22] , who reported increased yield from thinning, while they disagree with those of Hull et al. [17] , Valenzuela [23] , Blanco [24] , Gambrell et al. [25] and Nielsen and Dennis [26] , who reported decreased yields from thinning. The latter differences may be attributed to different experimental conditions under which the present study was undertaken.
Fruit length and diameter, and the fruit length to diameter ratio, were not significantly affected by the treatments and neither was the seed number in the fruits. Elongated fruit formation is caused by vigorous rootstock and heavy thinning or light bloom £ £ £ G. Ouma, F. Matta resulting in a light crop. Fruit shape is affected by chemical thinners differently, e.g., gibberellins and some cytokinins increase fruit length [27] , while kinetin and auxin do not affect fruit shape [20] . Since we did not get any significant effect of Accel and carbaryl on fruit length and diameter, or the fruit length to diameter ratio, we can classify them with the chemical thinners which do not affect fruit shape.
In 1995, the apple juice total soluble solids concentration was significantly (p 0.05) increased by all treatments except carbaryl at 0.05% (table I) . In 1996, the Brix of Empire and Jon-A-Red was significantly increased by all the concentrations of Accel and by carbaryl at 0.2% for Empire and at 0.1% and 0.2% for Jon-A-Red. Only carbaryl at 0.1% and Accel at (50 and 75) mg·L -1 had an effect on the fruit juice soluble £ II) . These observations may be explained by the effect of the thinners on the leaf to fruit ratio, and hence on the flow of the photosynthates.
In 1995, carbaryl at 0.05% and Accel at 75 mg·L -1 significantly (p 0.05) increased the pH of apple juice for Empire and Jon-A-Red, while the rest of the treatments had no significant effect (table I). In 1996, the pH of Empire was significantly reduced by Accel at 25 mg·L -1 , while the other chemical thinners had no effect on the pH of this cultivar. The pH of Jon-A-Red was increased by Accel at (50 and 75) mg·L -1 , while that of Braeburn was increased by carbaryl at 0.1% and Accel at (50 and 75) mg·L -1 (table II). 
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Conclusions
The study demonstrated that Accel and carbaryl could be used effectively for thinning of the Empire, Braeburn and Jon-A-Red apple cultivars at certain concentrations. Indeed, these chemical thinners could increase the apple juice total soluble solids concentration but did not affect fruit length, diameter or the fruit length to diameter ratio. Accel and carbaryl at the concentration used in our work showed no effect on the fruit seed number and had a variable effect on fruit pH.
